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[57] ABSTRACT 
In a frequency synthesizing circuit the deviation of the 
frequency of an oscillator signal which is transmitted (at 
7) by a measuring gate (79) from a desired frequency 
(output 47) is converted into a control signal (at 3) for 
the oscillator (11). In order to prevent the occurrence of 
an average frequency-deviation due to a continuous 
change of the phase relationship between a test pulse 
(m) controlling the measuring gate (79) and the oscilla 
tor signal, an additional pulse (output 83 or 85) is added 
(via 81) to the output signal of the measuring gate (79). 
This additional pulse must occur contiguous to the test 
pulse. (FIG. 1). 

4 Claims, 2 Drawing Figures 
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FREQUENCY SYNTHESIZING CIRCUIT 

This is a continuation of application Ser. No. 452,568, 
?led Dec. 23, 1982, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a frequency synthesizing 

'circuit comprising an oscillator whose frequency is 
controllable by a control signal, a tuning data signal 
source, a digital difference-determining circuit for de 
termining the digital value of the difference between the 
frequency speci?ed by the tuning data signal source and 
the oscillator frequency, and a digital-to-analog con 
verter for converting such digital difference into a con 
trol signal. 

2. Description of the Related Art 
In such a circuit, an input of the difference-determin 

ing circuit is coupled to the output of a gate circuit, an 
input of the gate circuit being coupled to the output of 
the oscillator and a measuring pulse input of the gate 
circuit being supplied with a measuring pulse by a pulse 
generator coupled thereto. In prior frequency synthe 
sizing circuits of this kind the tuning frequency of the 
oscillator deviates on average to some extent from the 
frequency speci?ed by the tuning data signal source. 

SUMMARY OF THE INVENTION 

The invention is a frequency synthesizing circuit of 
the aforesaid kind which corrects the inaccuracy in the 
oscillator frequency by incorporating in the gate circuit 
a logic circuit which adds a pulse contiguous with the 
trailing end of the measuring pulse to the signal which 
is supplied by the gate circuit to the difference-deter 
mining circuit. This added pulse prevents a change in 
the phase shift of the measuring pulse relative to the 
oscillator signal being measured from causing the differ 
ence-determining circuit to signify a frequency devia 
tion even though the oscillator is correctly tuned, 
which is the cause of the above-mentioned deviation of 
the oscillator tuning in prior frequency synthesizing 
circuits of this kind. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block schematic circuit diagram of a re 
ceiver incorporating a frequency synthesizing circuit in 
accordance with the invention; and 
FIG. 2 illustrates the waveforms of signals involved 

in the operation of the circuit shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, a received signal is applied to an input 1 of 
a high-frequency mixing section 3. An input 5 of the 
high-frequency mixing section 3 receives an oscillator 
signal from a frequency synthesizing circuit 6. In re 
sponse thereto there is produced at output 7 of high-fre 
quency mixing section 3 an intermediate frequency 
signal which is converted by IF processing circuit 9 into 
a form suitable for display or reproduction; for example, 
picture display or sound reproduction. 
The frequency synthesizing circuit 6 comprises an 

oscillator 11 whose frequency is controllable by a con 
trol signal applied to input 13 thereof. The output 15 of 
oscillator 11 is connected to the input of the high-fre 
quency mixing section 3 and also to an input 17 of a gate 
circuit 19. For the sake of clarity, frequency dividers, 
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2 
ampli?ers or limiters which may be included in the 
connection to the input 17 of gate circuit 19 are not 
shown. I 

The output of oscillator 11 is a signal “f” shown by 
waveform 317 in FIG. 2, and is applied to the input 17 
of gate circuit 19. Further inputs 21, 23 and 25 of gate 
circuit 19 are respectively connected to outputs 29, 31 
and 33 of a pulse signal generator 35, a fourth input 27 
of gate circuit 19 being connected to an output 37 of a 
difference-determining circuit 39. The respective inputs 
21, 23 and 25 of gate circuit 19 receive a measuring 
pulse “m", a pulse "p" and a pulse “p1", respectively, 
from the respective outputs 29, 31 and 33 of pulse gener 
ator 35. In FIG. 2 these signals are shown by the wave 
forms 329, 331 and 333, respectively. The fourth input 
27 of gate circuit 19 receives a sign signal “s” from the 
output 37 of difference-determining circuit 39. 
An output 41 of gate circuit 19 is connected to an 

input 43 of difference-determining circuit 39, which as a 
result receives a signal having waveform 3430 or 34312 
shown in FIG. 2. 
The difference-determining circuit 39 has an input 

combination 45 which is connected to an output combi 
nation 47 of a tuning data signal source 49. Circuit 39 
also has an output combination 51 the terminals of 
which are respectively connected to respective input 
terminals of an input combination 55 of a modulation 
circuit 57 via one of the exclusive-OR-gates of an exclu 
sive-OR-gate circuit 53. Another input of each of the 
exclusive-OR-gates 53 is connected to the sign signal 
output 37 of difference-determining circuit 39. A write 
signal input 59 of difference-determining circuit 39 re 
ceives a write signal “w” from an output 61 of pulse 
signal generator 35. The signal “w” is shown by wave 
form 361 in FIG. 2. 
The modulation circuit 57 has a further input 63 to 

which a read signal “e” provided at output 65 of pulse 
generator 35 is applied, shown in FIG. 2 as waveform 
365. A clock signal input 67 of modulation circuit 57 
receives a clock signal, not shown in FIG. 2, from an 
output of pulse generator 35. The sign signal “s” from 
output 37 of difference-determining circuit 39 is applied 
to a further input 71 of modulation circuit 57, but is not 
shown in FIG. 2 because it does not occur periodically. 
A capacitor 75 is connected to the output 73 of modu 

lation circuit 57. Capacitor 75 and modulation circuit 57 
constitute a digital-to-analog converter 76. Output 73 is 
connected to the control signal input 13 of oscillator 11 
and supplies a control signal thereto. 
Gate circuit 19 incorporates an AND-gate 79 which 

is connected to gate circuit inputs l7 and 21 and which 
supplies an output signal “mf”, denoted in FIG. 2 by 
waveform 379, to an input of an OR-gate 81. Another 
input of OR-gate 81 is connected to the output of an 
AND-gate 83, an input of which is connected to gate 
circuit input 33 and which has inverting inputs which 
are connected to gate circuit ingu_ts 21 and 27. AND 
gate 83 supplies an output signal smp denoted in FIG. 2 
by waveform 383 to an input of OR-gate 81. A further 
input of OR-gate 81 is connected to the output of an 
other AND-gate 85, an inverting input of which is con 
nected to gate circuit input 21 and other inputs of which 
are respectively connected to gate circuit inputs 25 and 
27. AND-gate 85 thereby applies to OR-gate 81 an 
output signal smpl which is shown in FIG. 2 as wave 
form 385. The total signal supplied to OR-gate 81 is 
therefore smp+sm| +mf. 



4,670,718 
3 

The waveforms in FIG. 2, which are not represented 
to scale, occur periodically. 

Frequency synthesizing circuit operates as follows. 
In response to the write signal “w” supplied by pulse 

generator 35 to input 59 of difference-determining cir 
cuit 39, which comprises a measuring counter, the 
count thereof is set to correspond to the binary number 
supplied by tuning data signal source 49 and its output 
combination 47, which binary number represents the 
desired tuning frequency of oscillator 11. 

Thereafter, at the trailing edge of each pulse occur 
ring at its input 43, the count of the measuring counter 
in difference-determining circuit 39, hereinafter termed 
measuring counter 39, decreases by one. 
As long as the count of measuring counter 39 does 

not pass through zero the sign signal “s” at output 37 of 
difference determining circuit 39 remains at zero and 
the exclusive-OR gates 53 convey the count produced 
at output combination 51 thereof to the input combina 
tion 55 of modulation circuit 57. If the count of measur 
ing counter 39 passes through zero, the sign signal “5" 
produced at output terminal 37 becomes one and the 
exclusive-OR-gates 53 invert the count which is con 
veyed to the input combination 55 of modulation circuit 
57. 

Modulation circuit 57 incorporates a counter which 
at the instant of occurrence of the read signal "e" at 
input 63 assumes the count of the measuring counter 39 
as conveyed by the exclusive-OR-gates 53. Thereafter, 
in response to the clock pulses “c” at its input 67, modu 
lation circuit 57 counts to zero and then stops. As a 
result, there is produced at output 73 of modulation 
circuit 57 a current pulse whose duration depends on 
the count of the measuring counter 39 at the instant of 
occurrence of the read signal “e” and on the direction 
signi?ed by the sign signal “5” produced by the measur 
ing counter 39. These periodically occurring current 
pulses charge or discharge the capacitor 75, which 
supplies the control signal to oscillator 11. The number 
of trailing pulse edges occurring between the write 
signal “w” and the read signal “e” at the input 43 of 
measuring counter 39 will therefore correspond to the 
number supplied by the tuning data signal source 49. 
This number of trailing pulse edges is determined by 
gate circuit 19. 

If the signal at the output 41 of gate circuit 19 were 
only produced, as in the prior art, by the AND-gate 79, 
then a number “n”, for example n=3, periods of the 
oscillator signal could be included in the period “m” of 
the measuring pulse. In these three periods the number 
of trailing pulse edges could be three or four, depending 
on the phase relationship between the measuring pulse 
“m” and the oscillator signal “P’ to be measured. This 
phase can vary continuously, as the phase of pulse gen 
erator 35 is not coupled to the phase of the oscillator 
signal “P’ to be measured. In response to the operation 
of the frequency synthesizing circuit the frequency of 
the oscillator signal f would be controlled such that half 
the time it is n+l/T, wherein T is the period of the 
measuring pulse 6‘1m’’, and half the time it is n/T. The 
average frequency could thereby deviate by é-l/T from 
the desired value. 

In order to obviate this error, when the sign signal 
“s” is zero the additional AlilQ-gate 83 in gate circuit 19 
supplies an additional pulse smp to the signal mf applied 
to OR-gate 81. This additional pulse is contiguous with 
the trailing edge of measuring pulse “m” and continues 
after the occurrence of the read signal “e”. Conse 
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4 
quently, independent of the phase relationship between 
measuring pulse “m" and oscillator signal “P‘, always 
three, or in general “n", trailing pulse edges will occur 
at the output of gate circuit 19 in the interval between 
the write signal “w“ and the read signal “e“, if the 
measuring pulse period is n-times the period of the oscil 
lator signal “f”. This is shown by the waveform 3430 in 
FIG. 2. 
When its count passes through zero, the difference 

determining counter 39 causes the sign signal “s” at its 
output to change from zero to one. As a result, the 
exclusive-OR-gate combination 53 supplies a count 
having the value zero, both at the zero count and at the 
minus-one count of measuring counter 39. 
The AND-gate 85 ensures that at negative values of 

the count of the measuring counter one more pulse is 
counted because of the fact that the added pulse smp] 
becomes zero, so that the output signal of gate circuit 19 
now has, in accordance with waveform 34317 in FIG. 2, 
an additional trailing edge at the occurrence of the 
write signal “w” and the read signal “e". Consequently, 
the occurrence twice consecutively of a zero value at 
the input combination 55 of modulation circuit 57 is 
prevented from occurring, and also negative values of 
the count of measuring counter 39 are converted into 
absolute values by the exclusive OR-gate 53. 

It will be obvious that this last measure would not be 
required if an up~down counter is employed in the dif 
ference~determining circuit 39. 

It will further be obvious that if so desired the same 
result could be accomplished by adding an additional 
pulse which is contiguous to the leading edge of the 
measuring pulse “m” and by adequate choice of the 
location thereof relative to the write signal “w", if the 
measuring counter of the difference-determining circuit 
39 counts positive edges. 

It will further be obvious that, if so desired, instead of 
shifting the relevant edge of the additional pulse by 
means of the sign signal “s” the positions of the read 
signal “e” or of the write signal “w’” may be shifted 
when a measuring counter counting positive edges is 
used. 
The frequency synthesizing circuit 6 is here described 

as forming part of a receiver. It could, of course, form 
part, for example, of a transmitter or a measuring instru 
ment. 

If so desired other gate combination in the gate cir 
cuit could be used to obtain corresponding logic func 
tions. 
The signals “p” and “p1” may be delayed measuring 

pulses or may be obtained in a different manner. 
What is claimed is: i 
1. A frequency synthesizing circuit comprising oscil 

lator means furnishing an oscillator output signal having 
a frequency controllable by a control signal, a tuning 
data signal source for generating a tuning data signal 
signifying a desired oscillator frequency, digital differ 
ence determining means for generating a digital differ 
ence signal signifying the difference in frequency be 
tween said tuning data signal and said oscillator output 
signal, digital-to-analog converter means for converting 
said digital difference signal into said control signal, 
gate circuit means coupling said oscillator means to said 
digital difference determining means, said gate circuit 
means having a measuring pulse input and auxiliary 
pulse inputs and furnishing an input signal to said digital 
difference determining means in response to said oscilla 
tor signal when a measuring pulse is applied to said 
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measuring pulse input, and pulse generator means for 
applying said measuring pulse to said measuring pulse 
input and applying auxiliary pulses to said auxiliary 
pulse inputs of said gate circuit means; the improvement 
characterized in that: 

said gate circuit means comprises a logic circuit for 
supplying providing an additional pulse which is 
contiguous with one edge of said measuring pulse 
to said digital difference determining means, such 
additional pulse being derived from said measuring 
pulse and said auxiliary pulses, such additional 
pulse causing said difference circuit to generate a 
digital difference signal which is independent of 
the phase relationship between the measuring pulse 
and the oscillator output signal. 

2. A frequency synthesizing circuit as claimed in 
claim 1, wherein said logic circuit changes the duration 
of said additional pulse. 

3. A frequency synthesizing circuit as claimed in 
claim 1, wherein said digital difference determining 
means comprises a one-way counter having a plurality 
of counter outputs and a sign signal output, and 
wherein: 

said frequency-determining circuit further comprises: 
exclusive OR-gate means having a plurality of 
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6 
inputs connected to said plurality of counter out 
puts, a furtherinput connected to said sign signal 
output, and a plurality of outputs connected to said 
digital-analog converter means; and means for con 
necting said sign signal output to said logic circuit; 

said additional pulse has a leading and a trailing pulse 
edge; 

said pulse generator means further comprises means 
for applying a write signal to said digital difference 
determining means and a read signal to said digital 
analog converter means; and 

said logic circuit changes the position of one of said 
pulse edges of said additional pulse relative to said 
write or read signal. 

4. A frequency synthesizing circuit as claimed in 
claim 3, characterized in that said gate circuit has a gate 
function_ expressed by the logic formula 
smp+smp1+mf, wherein s is the sign signal, f is the 
oscillator output signal, p is a pulse having a leading 
edge occurring before the trailing edge of the measur 
ing pulse and a trailing edge occurring after the read, 
and m is a pulse having a leading edge occurring before 
the end of the measuring pulse and a trailing edge oc 
curring prior to said read signal. 

it It * it it 


